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Occupational eye injuries can result in serious mor-
bidity and great economic loss. Employees in every
industry are at risk of eye injuries. According to the
Occupational Safety and Health Act (OSHA) of the US
in 1971, employers are required to make protection
available, and it is the employees’ obligation to use
the equipment provided. However, in the US, the
Bureau of Labor Statistics (BLS) reports that approxi-
mately three out of every five workers injured were
either not wearing eye protection at the time of the
accident or were wearing the wrong kind of eye pro-
tection for the job [1]. Despite regulations, standards,
and the various items of eye protection equipment
provided, occupational eye injuries remain a com-
mon occurrence [2].
The Labor Injuries Surveillance Data in Taiwan do
not provide information on eye injuries; therefore,
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The risk factors for occupational eye injuries have never been published in Taiwan. We conducted
a case-control study to analyze the differences among workers on their knowledge, attitude to
and practice (KAP) of occupational accident prevention. In the study, a statistical model was also
set up for predicting the occupational problem. Subjects, including 31 cases of work-related eye
injuries and 62 controls, completed a structured questionnaire on KAP, which revealed that 80.6%
and 62.7% of workers in the case and control groups, respectively, did not wear eye protection
during work. Furthermore, we found that temporary employment (OR, 10.7; 95% CI, 3.03–36.16)
and fewer than 10 years of education (OR, 4.44; 95% CI, 1.73–11.44) were the major risk factors for
occupational eye injuries. In addition, we developed a logistic regression model with four predictors
(temporary employment, education years less than 10, poor management of industrial health
and safety in the workplace, and poor attitude towards accident prevention) for the occurrence of
occupational eye injuries. In conclusion, in Taiwan, compulsory regulation of wearing eye pro-
tection during work, good education, management of work safety and hygiene and employee
(especially temporary worker) commitment to safety and health are strongly recommended 
prevention strategies.
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we do not know how serious the problem is. Although
eye injury is considered to be an important cause of
vision loss, little information exists concerning the
risk factors and strategies for prevention.
Many safety professionals recognize that the proper
use of eye protection is very important for the pre-
vention of eye injuries. However, there could still be
other factors that influence the likelihood of injury to
employees. Our study aimed to explore risk factors
through a comparison of the differences in health and
safety perceptions between subjects in case (work-
related eye injuries) and control groups, and develop
statistical models for predicting the occurrence of
occupational eye injuries. We hope to provide infor-
mation for the further development of sound preven-
tion programs.
METHODS
Subjects and study design
We conducted a prospective hospital-based case-
control study from January 1, 2003 to December 31,
2004 among patients of an ophthalmology ward in an
academic medical center in Kaohsiung city in southern
Taiwan. During the 2-year study period, 31 out of 189
cases diagnosed as having work-related eye injuries
agreed to join the study, and completed a structured
questionnaire on the management of health and safety
in their workplace.
To match the 31 cases of work-related eye injuries,
we selected 62 subjects (2 controls per case) currently
enrolled in the Labor Insurance Program as a control
group. The criteria for matching the case and control
groups were as follows: (1) patients who had been
admitted to the ophthalmology ward without past
history of eye injuries; (2) same gender; (3) an age dif-
ference of less than 5 years (± 5 years); and (4) similar
occupations. The discharge records of subjects in the
case and control groups were reviewed carefully to
obtain data on age, sex, date of admission, cause of
admission and clinical diagnosis. The criteria for
inclusion and exclusion of cases of occupational eye
injuries were adapted from our previous study [3].
In the current study, we classified the industries in
which study subjects were employed as follows:
• Class I: agriculture, forestry, fishing and animal
husbandry
• Class II: manufacturing
• Class III: electricity, gas and water supply
• Class IV: construction
• Class V: trade, accommodation, eating-drinking
places, transportation, storage and communication
• Class VI: services
Content of questionnaire
The structured questionnaire was designed to collect
basic data, including occupation and employment
status. The questionnaire also addressed the
employer’s strategies and management of industrial
safety and hygiene in the workplace, and the knowl-
edge, attitude to and practice (KAP) of accident pre-
vention. The answer to each question was selected
from “never”, “not always” and “always”, and was
rated as 0, 1 and 2 points, respectively. We summed
up the points of answers for questions about KAP as
total scores for each item separately. The question-
naire was pre-tested and adjusted for validity by
occupational medicine specialists.
Statistical analysis
In our study, SPSS version 13.0 (SPSS Inc., Chicago, IL,
USA) was used to set up the database and perform
analyses. As age, gender and occupation were well
matched between case and control groups, these fac-
tors were neglected during analysis of risk factors of
occupational eye injuries. Other factors, such as years
of education, employment status, duration of employ-
ment and fringe benefits, were analyzed by compar-
ing the odds ratios (ORs) between these two groups.
The effects of the management of health and safety in
workplaces and KAP scores of accident prevention
on the occurrences of occupational eye injuries among
case and control groups were also compared by analy-
ses of ORs.
Some potential predictors, such as employment
status, education years, fringe benefits, scores of poor
management, poor knowledge, poor attitudes and
poor practice, were analyzed by simple regression to
find correlations with occupational eye injuries.
Then, we put the variables of employment, education
years, management of health and safety and attitudes
towards health and safety into logistic regression
analysis models to determine predictors of occupa-
tional eye injuries. Finally, logistic regression models
with backward stepwise analyses were performed to
set up a suitable model for predicting the risks for
occupational eye injuries.
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RESULTS
Characteristics of the subjects studied
Among the subjects studied, male workers repre-
sented 83.9% of both study groups; the average ages
were 42.8 ± 10.7 and 41.8 ± 10.5 for case and control
groups, respectively, as shown in Table 1. Most sub-
jects were employed in the construction (38.7% and
43.5% for case and control groups, respectively) and
manufacturing (32.3% and 33.9% for case and control
groups, respectively) industries. Subjects in class III
occupations, such as electricity, gas and water, showed
lower probabilities of suffering from occupational
eye injuries than subjects in other classes of occupation
(OR, 0.64; 95% confidence interval [CI], 0.55–0.75).
Subjects in occupational class VI, services, showed 
a 4.23-fold likelihood of suffering from occupational
eye injuries (OR, 4.23; 95% CI, 1.13–15.79) when com-
pared with subjects of occupations other than class VI.
Workers who had fewer than 10 years of education
showed a 4.44-fold higher possibility of occupational
eye injuries than those with education years greater
than or equal to 10 years (OR, 4.44; 95% CI, 1.73–11.44).
Compared with permanently employed workers, tem-
porary workers had a 10.7-fold (95% CI, 3.03–36.16)
increased likelihood of experiencing occupational eye
injuries. Durations of employment and fringe benefits
provided by the employers, except for health insur-
ance, did not show correlations with occupational
injuries. However, it seems that workers with health
insurance provided by the employers had lower prob-
abilities of suffering occupational eye injuries (OR,
0.26; 95% CI, 0.08–0.82).
Effects of KAP of industrial safety and
hygiene on eye injuries
The responses to questionnaires on the management
of industrial health and safety in the workplace, shown
Table 1. Characteristics of subjects in the case and control groups*
Case (N = 31) Control (N = 62) OR 95% CI
Gender NA
Male 26 (83.9) 52 (83.9)
Female 5 (16.1) 10 (16.1)
Age 42.8 ± 10.7 41.8 ± 10.5 NA
Occupations
Class I 1 (3.2) 1 (1.6) 2.03 0.12–33.64
Class II 10 (32.3) 21 (33.9) 0.93 0.37–2.33
Class III 0 (0.0) 6 (9.7) 0.64 0.55–0.75
Class IV 12 (38.7) 27 (43.5) 0.82 0.34–1.97
Class V 1 (3.2) 3 (4.8) 0.66 0.07–6.57
Class VI 7 (22.6) 4 (6.5) 4.23 1.13–15.79
Education years
< 10 16 (51.6) 12 (19.4) 4.44 1.73–11.44
≥ 10 15 (49.4) 50 (80.6) 1
Employment
Permanent 18 (58.1) 58 (93.5) 1
Temporary 13 (41.9) 4 (6.5) 10.7 3.03–36.16
Duration of employment (yr)
< 5 7 (22.6) 27 (43.6) 2.81 0.91–7.31
5–10 8 (25.8) 11 (17.7) 2.57 0.82–9.63
> 10 16 (51.6) 24 (38.7) 1
Fringe benefits
Labor insurance 25 (80.6) 50 (80.6) 1 0.34–2.98
Health insurance 22 (71.0) 56 (90.3) 0.26 0.08–0.82
Insurance for accidents 15 (48.4) 37 (59.7) 0.63 0.21–1.51
*Data are presented as n (%), with the exception of age which is presented as mean ± standard deviation. NA = not analyzed as 
gender and age were matched between case and control groups; Class I = agriculture, forestry and fishing; Class II = manufacturing;
Class III = electricity, gas and water; Class IV = construction; Class V = trade, accommodation, eating-drinking places, transportation,
storage and communication; Class VI = services.
Prevention of occupational eye injuries
Kaohsiung J Med Sci January 2008 • Vol 24 • No 1 13
in Table 2, showed that good management has a 
protective effect against occupational eye injuries.
Workplaces in which the employer offered job safety
and hygiene training courses regularly showed lower
possibilities of eye injuries (OR, 0.14; 95% CI, 0.05–
0.37). Workplaces in which employers provided con-
trol measures for potential risks (OR, 0.35; 95% CI,
0.14–0.87) or offered regular medical check-ups for
workers as required by law (OR, 0.17; 95% CI, 0.06–
0.46) had fewer occupational eye injury cases than
workplaces that were not well managed. However,
no protective effect could be found for eye injuries
whether an employer required their workers to wear
eye protection during work or not (OR, 0.50; 95% CI,
0.18–1.42).
The correct answer rates of knowledge of accident
prevention were similar between case and control
groups, as shown in Table 2. Workers in case and con-
trol groups know that they have to understand the
potential risks of hazardous materials in a new work-
place (71.0% vs. 79.0%), to understand the standard
operating procedures of machine and hand tool 
use (83.9% vs. 79.0%), to know the emergency and
evacuation plans (71.0% vs. 69.4%), and to know the
measures of the Labor Safety and Hygiene Act 
(66.7% vs. 66.1%). There were no statistically significant
differences in the ORs for any item of knowledge of
accident prevention.
Subjects in case and control groups showed no
differences in the rates of positive attitudes toward
Table 2. Responses to questionnaire on the management of health and safety, as well as knowledge, attitude to and
practice of health and safety in workplaces*
Case (N = 31) Control (N = 62) OR 95% CI
Management of health and safety
Offer job safety and hygiene training 13 (41.9) 52 (83.9) 0.14 0.05–0.37
courses regularly 
Provide control measures or equipment for 15 (48.4) 45 (72.6) 0.35 0.14–0.87
potential risk factors in the workplace
Require workers to wear eye protection 6 (19.4) 20 (32.3) 0.50 0.18–1.42
during work
Offer medical check-ups or regular medical 7 (22.6) 39 (62.9) 0.17 0.06–0.46
examinations as required by law
Knowledge of accident prevention
Know the potential risks of hazardous 22 (71.0) 49 (79.0) 0.65 0.24–1.74
materials in a new workplace
Understand the standard operating procedure 26 (83.9) 49 (79.0) 1.38 0.44–4.29
of machine and hand tool use
Know the emergency and evacuation plan 22 (71.0) 43 (69.4) 1.08 0.42–2.78
of the workplace
Know the measures of the Labor Safety and 20 (66.7) 41 (66.1) 1.02 0.41–2.58
Hygiene Act
Attitudes toward accident prevention
Agree that accidents could be mainly 23 (74.2) 34 (54.8) 2.37 0.92–6.11
due to mistakes
Easily accept any safety advice given by 26 (86.7) 60 (96.8) 0.22 0.04–1.26
colleagues
Practices of accident prevention
Use personal protective devices during 13 (41.9) 43 (69.4) 0.32 0.13–0.78
exposure to hazards
Stop work when feeling ill 17 (54.8) 46 (79.0) 0.42 0.17–1.05
Clean machine or hand tools before use 22 (71.0) 40 (64.5) 1.34 0.53–3.42
Indicate safety and hygiene problems immediately 16 (51.6) 42 (67.7) 0.51 0.21–1.23
to the workplace supervisor
*Data are presented as n (%).
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accident prevention. All of the items of practice of
accident prevention, except for one, showed similar
positive answer rates between case and control
groups. In the control group, 69.4% of subjects used
personal protective devices during exposure to haz-
ards. However, 41.9% of workers in the case group
had performed the same practices as the control
group (OR, 0.32; 95% CI, 0.13–0.78). It was surprising
to find that there were no statistically significant dif-
ferences among the answers regarding most items of
KAP between the case and control groups.
Predictors of occupational eye injuries
After conditional backward stepwise analysis, a logis-
tic regression model was constructed as shown in
Table 3. The logistic regression model showed that
temporary employment status, fewer than 10 educa-
tion years, poor management of health and safety in
the workplace, and poor attitudes towards accident
prevention were major risk factors for occupational
injuries. Among these four risk factors, temporary
employment status was the highest weighted. The
adjusted OR and 95% CI of this predictor were 7.55
and 1.86–30.58, respectively.
DISCUSSION
Strengthen the regulation of wearing eye
protection during work
The current study provided valuable insight into the
strategies and management of safety and hygiene in
workplaces in Kaohsiung city, Taiwan. The study
revealed that 80.6% and 62.7% of subjects in the case
and control groups, respectively, did not wear eye
protection during work. The Council of Labor of the
Taiwan government has not enacted a rule like the
OSHA of the US to require the use of eye protection
during work. Since most occupational accidents could
have been avoided with better protective devices, 
a regulation for their compulsory use in the workplace
is urgently needed.
Temporary workers and fewer 
education years
To our knowledge, this is the first case-control study
investigating the relationships between safety per-
ception and vocational behaviors and the occurrence
of occupational eye injuries in Taiwan. The data are
important for developing strategies and measures for
work-related eye injury prevention.
In the current study, we found that temporary
workers are the most important and specific target
for occupational eye injury prevention. However, as
shown in previous studies [4,5], temporary workers
usually have a high turnover rate, low safety con-
sciousness and poor work quality, and they are hard
to manage. In Taiwan, many workplaces are usually
of medium to small scale, often with a lack of good
human resources management. Even in large compa-
nies, many tasks are contracted out for cost reasons.
Due to contract periods that differ in duration, tempo-
rary workers are usually hired to cope with the high
turnover rate. The education years of temporary
workers are lower and they are usually assigned mis-
cellaneous jobs. This, combined with worse fringe bene-
fits, causes the accident rate for temporary workers
to be higher than that for permanent employees.
Due to problems of managing temporary work-
ers, even having a regulation on compulsory wearing
of eye protection may have no effect. It is suggested
that temporary workers, regardless of whether they
are hired by a third-party vendor or directly by the
company, be put into the same managerial system as
the permanent workers in the company. Safety and
hygiene managers and their employers should be
responsible for inspecting the working conditions of
temporary workers.
Table 3. Logistic regression model for predictors of occupational eye injuries*
Predictors Adjusted OR 95% CI
Employment: 0 = permanent, 1 = temporary 7.55 1.86–30.58
Education years: 0 = ≥ 10, 1 = < 10 3.30 1.02–10.68
Management of health and safety: 0 = scores > 3, 1 = scores < 3 3.95 1.26–12.44
Attitudes toward health and safety: 0 = scores > 1, 1 = scores < 1 3.57 1.10–11.59
*A backward stepwise regression analysis was used to construct the logistic regression model. OR = odds ratio; CI = confidence interval.
Prevention of occupational eye injuries
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Strategies of occupational eye injuries
prevention in Taiwan
We were surprised to find that knowledge of accident
prevention had no effect on the incidence of occupa-
tional eye injuries. Moreover, scores of knowledge on
accident prevention showed no statistical difference
between subjects in the case and control groups. On
the other hand, poor attitudes toward accident pre-
vention are an important predictor of occupational
eye injuries. It seemed that most of our workers were
educated on accident prevention in the workplace,
and also knew how to practice the prevention meas-
ures in the workplace. Only those workers with poor
attitudes towards accident prevention were candi-
dates for eye injuries. This is unusual when com-
pared with studies in other countries [6–9]. Hence,
developing a health and safety culture in work envi-
ronments in Taiwan is an important issue. This pro-
posal is compatible with the finding in the current
study that poor management of health and safety in
the workplace results in more patients with occupa-
tional eye injuries. As indicated by Bailey [8,9],
employee perceptions of the management’s commit-
ment to safety were highly positive in plants with
low injury rates. On the other hand, in plants where
injury rates were high, employee perceptions of the
management’s commitment to safety were low.
Further studies on the development of good manage-
ment of health and safety in the workplace to reduce
occupational eye injuries should be performed.
Limitations of the study
Our study, like most studies on occupational eye
injuries, is a hospital-based epidemiological study. Eye
injury patients were only recruited from an academic
medical center in Kaohsiung. These might not repre-
sent all eye injuries in Taiwan. Although cases and
controls were selected randomly from admissions
during the 2-year study period, the response rate was
only around 50%. Thirty-one cases out of 62 occupa-
tional eye injury admissions agreed to join the study,
so a self-selection bias could occur. Hospital-based
studies entail limitations for data interpretation, but
generalizations may be drawn from them regarding
the relative weight of various causes of injury. Further-
more, the case-control study design of the present
study can help to detect patterns of factors influenc-
ing eye injuries in workplaces more precisely.
To minimize bias, trained interviewers went to
the bedside to explain the purpose of the study and
how to answer questions in a standardized manner.
Patients completed the questionnaire themselves
during hospitalization or after discharge. Although
non-responders were followed up by telephone, many
cases were still lost. We performed tests to examine
the representative ability of the subjects in the case
group with the 189 cases that were admitted for treat-
ment of their occupational eye injuries. There was no
statistically significant difference in the demographic
characteristics of the two groups (data not shown).
In summary, this is the first study to identify risk
factors for occupational eye injuries in Taiwan. It is
informative for the development of prevention strate-
gies against occupational eye injuries. However, the
small sample size and hospital-based design are limi-
tations of this study.
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